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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil veil or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being sli C htly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obta ining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device fox applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device, A further 
object is a rugged, easy- to-ope rate expanding tool employing such a spring 
device. These and other objects of the invention will became apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

Figures 1A, IB and 1C, taken together, constitute a partial sec 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic Uner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic Uner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the Uner to perform the final step of expanding the corrugated 
liner into a substantiaUy cyUndrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 2U, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 2»* 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controUed by the position of the member 2<t which moves upwardly 
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untU it contact, shoulder 26 provided on the shaft. As member 24 moves in a 
downwardly direction anna 22 fold inwardly toward the shaft. The expending 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the caeing. The 
first-stage die provides a gross deformation of the liner so that it ia 
expanded outwardly against the wall of the owing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
10 surface of the liner and to provide more even contact between the liner and 
the vail of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the surface, aa 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 34 secured to polished rod 31 move, 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the flrst-stage expanding die 1 7 . When the piston 34 
moves upwardly through the cylinder 33 the expanding die 1 7 and the eecond- 
atage die 22 are drawn upwardly into the corrugated liner 14 and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside well of the caeing in which it is being Installed. Positioned on the 
shaft below the expanding member 24 is . constant force spring member 37 which 
is employed to urge the expanding member against the expanding anas 22 with a 
substantially constant, force. The force exerted against the a» member, being 
substantially conetent, the force transmitted through the am member, to the 
liner and to the casing will be substantially conatant ao that either .ticking 
of the tool in the caeing or rupture of the caeing i. precluded, of course, 
the force provided by the spring member 1. preselected so that the frictional 
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forces betvcen the tool and the liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

f. 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slldably mounted on the shaft 
18 and held between the expanding element 2fc and a cylindrical lower shoulder 
member 38 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member 18 on the outside of which are cut male threads 
18a, the lower shoulder member 38 provided with female threads 38a and thimble 
member kl provided with threads 4la and klb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble hi. 
The shoulder 38 is secured to the shaft 18 by splines h$ so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble Is a friction member, such as bow springs *v2, 

20 a hydraullcally actuated friction pad, or other such device for frlctionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads l8a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7 -Inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -inches 
Inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the columns and is moved 
upwardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screw element 39. Grooves Vf are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s:iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the" spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops U9 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo-e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lower shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted in the races 47. The columns may be 
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ritted closely together as shown, or nay be spaced around the race, with sepa- 
rators used between them to maintain the desired Bracing. The number of 
columns employed will depend upon column characteristics and the materials of " 
construction. For example, the slenderness ratio of the colu=n may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender oolumn with rounded ends, free to move within 
the races shaped to the curvatu:e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the abaft. Thus ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by O.U38-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A.I.S.I 
<O40 steel, quenched and drawn at 575'?. Each column was found to require a 
20 critical compression loading of 4 5 0 pounds in order to buckle the column. 

After buckling, the columns -ere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the shape 
of this spring characteristic curve is described by curve OA 'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A and B 
represent typical working limits, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
36 yield point may be used, while with, a great number of flexures, the working 

stress may he held to less than the endurance limit of the material of construc- 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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epproxlmately one inch, et which the longitudinal deflection was approximately 
0.225 inches. Prom zero deflection to the maximum deflection, the UjO-pound 
loading was found to be substantially constant. 

m another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection wss limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon compressions! loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.<* inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spiring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shorn in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
level, the well tubing is revolved. The friction member 1*2 engsges with the 
wall of the casing and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 is moved upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 2k, and its tapered surface is engaged with the tapered surface „ 
the inside of the arms 22 to urge the arms outwardly with a substantially 
coastsnt force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the meaner described hereinbefore. 

The foregoing description of a preferred embodiment of my invention 
has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
ID said liner by a substantially constant force. 

1 2, In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an ex panding die 
k member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pivotable outwardly therefrom to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 

H constant force. 

1 3. The device of Claim 2 wherein said constant force spring member 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone member, stop means connected to said shaft to limit the axial 

7 travel of said movable bearing plate member along said shaft, and compression 
means for maintaining a lateral deflection in said columns ■ 
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*' *" devlce ot 3 Aereln said ccnpreesion means compriees 

S a differential screw connecting said spring member and said shaft. 
1 

2 



5. Die device of Claim 3 wherein said stop means comprises a 
sleeve-like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft ud a member connected to said shaft to 
k limit the travel of said sleeve-Hie element. 

6. Ihe device of Claim 3 wherein said columns have a rectangular 
cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said a haf t. 

1 7 * A devlce for installing an expanded metallic liner in a conduit 

which comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferential^ around the outside of said shaft and being plvotable out- 
wardly therefrom to contact the liner; a conical expanding member slidably 
positioned on said shaft between said shaft and said arm members to urge said 
am members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumfereatially about 
9 «aid shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 
12 and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said am members to urge said am members 
outwardly with a substantially constant force. 
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rx<iM 2ltt Mrtioa»l v(«r «r ti» tnumtw of ri*u* U tokto «i 
in* a.a* mi 

riyn* 3 to ft tjrjdoftl *>oi or ojefefti lot* raw Vftfiftrum for 



, Mjuv ilutht tettom foxtlfi« or % 
IltftX ™fr~M-f, tool for mm l* tottoUtoc • -vfelUt lUmr in • veil, «Mto 
rt«u» i» LUartottot to* ftiMlft ft*cttoft of vaeb * toto iftfi hpn 10 veprv 
Mftto tot oppw tttotoB of tfea tool. Ha «r—ltf¥ tool U It ttoototo U 

fUMOiMUMtieUkTM^^ t^ftlj^ M?to lftOT* fte* tto 

oro** tovoftto • wax out* (oat tto*0 V0 o pant 1* tos p«V< «* wtteh lb 
it ooMMi to tottoXl • wrtftillo totort toMritof tot to»t l«to to* 

wll, n tlM^M oirttCftUy mmM liio 11 ftorleBtot tro» «Ud stool, 
or rtlwr aoltoftto — lltoMa MWtal* to fiftftftft m tb« tort- T— «om#tii 
IImj if (wand ift joftltloB *r tootoot ftt Sto looter ft* nth ft cyUsAriotl 
■teOfto' ■Mrtn- 16 Hd, ■% !%■ iMfftr od k? cofttoct «iui ft firvt-*U«Q fttpftM* 
to* «U IT U to* for* of • traotftto* Omul** do* ttdto mhh «a m /1KV- 
rt»#> *w*ll** il»UU» -~-*r **l*li*ftor *tf*c*V*4 . -ft* tftpftfldtoc 4i. U 
ftxwllx ftttoetofl to • oaxtraU? lotfttoo, Otoofttoft uyUMrlcaM hollo* tteft id 
*toti fo**» • jorttoa of tt» or to* tool, to *)»«*, to* oaj to ato* ti* 17 



U feUlaftlfc* «BMi il«w *fcottia*rl$ tnftooltor m 
tWt, .A yWuvi or ftoftioto t*o* W. (MCMftly Korlto* « 
«u*rft» portion, emrtbt^^ ft toyotto to tot itam ot » trUotor 
irwfti ftoft 18. too — toi<to porftioM or tot ma SS wo* totoi Kn*d oaV- 

i too tort »to> offft<i— otogtoo ■ orro j otot - 
r oyltottltol otopft. to* tn» ftton « on jiftotollj 
•Vkctoc to too tost* to ftt to to ftwtol* ootottur *«■ tot oteft by * tojtnd 
I tjototr to tlitou* yftiiofttfl aa tot tfatft to < 



ttort to ftotftft «ito to- 1 



* mmxiJH Hitta, tysOfttUr muhmi 10 
m to tootnUtd >y too fotdtiftB of too 



- > • 



chap*, too tspootloft or to* sa 
Motor to tiich attoo ojoBtXy 
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06 profit « toe to*TU i 
& tmSA UomstXr ***** to» i 

m to* ctafi t7 ar ** 



■to* olo to <na tkiv^ tat Hoor to wxyM U to ploaa to tot omUk. 9* 
«U*t-oU» 4to pro***, o *o*o liAMkkN to* uatr oo toot it to 
nuiiiii omtoirtlr <#tot ttawUtftti o**to*;. to* oogooft-vto** *lo to** 



m omo oootoot ortoou toft liaiff oof 
tte «U of to* oootoo, KM «rftt* o ftoto-utot oml- 

A cttrottoo* too Umr ootttot tool to ooootolo* «t to* oorfooe, ot 
60001 too* **0i»« o»l o glooj eloto ootawtoA with • r**too*a ooton»l my to 



toto to* mil OS too location oft toito to* ltoor to to to oot. A Al<pd4, such 
M oU. to too* poop* tutor proworo 4am too ooll total**. **o fla* ton«4* 
too pootooooo* ymlM to polloboft red 51, tfcw#» oarto # «H toto «fito* 
tor 33 oootootoo to tto oppar «oa of too oboolter Ho* too ooolSootloa of 
flsM promo* to too opltoter, too pi*** * ooow«a to poitoto* ro* » ooom 
motiyuoioto^ totoooo, joA36oa to o oto oolitooo nrt Si. oo* otoft 
18 wr* «M*0 to —to* to* xuwt-toof* MfllM «to 17. torn *» ps»oao Jo 
, tM CltoAoo » too Ooooottog Aim IT .ooA too ootom- 
to oaCTOjotol lloor lft oat Iroo o*V 



tootoo voll of too eoolof 1* tolto it to toda§ lootolloi. rorlUoooft to to* 

i ■qooUft i ototor to to * eoavtont ton* "pito* sootor 77 toioh 
I u oro* to* #n«4U« «*»toar ***to*% too *sptoato| mam 22 olto o 



90 Umr 



t ototootloUy *oft»«oot, too force trO**tottod t h w to too om oooton to too 

oo* to too oootoo, oiU to otootoAttoUy-oooototo toot altos* •ftttot«o 
ot too tool to too oootog or nvcaro o* too «*sd* to prsototo*. w oooroo, 
to* Ctroo proAoom op to* *prU« oosftoc to ] 



t - 
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term* tetania the tool -* tun «oi tte srvOMM omMoA 4#tott tte •«•- 
1«4 MlatoloM tt framtndmd Mf« ito osdvImo tprl»i 

,1,. ooonot tM tte fi M — W Www" tte Uw fatatae mtUm 25 

of tte ♦€-. a it fro* mm|)i V, ortnte tte AetfccM terwMti« «f^«- 



Urn MiUit fm ipl^iMtt 37 « - 
16 Mi MA WUm tte tlMtot ttMl cyl J trl ml Lmmr o*»aidM 

■rttiir 38 fond* » »o*tiM of oclfftoMllil tew oIomu » lAdoli %mmm» 
W tootl* « orloj OMto* Jt * «»fttt Motor if* olfftoonlol MM 

oMprt-t* mn^te lA m tM MtttAt <K M t~ o* -ti* tMMio 

IMteSMtM 



• U prorttol wit* U iti If *)* mA *1* to tto i 



to vittotoM wn tooto A» P 1 *** •» «■* ^ » U 

ojwrtlr ok tte ttett id *tes tte ttea It iwttwi nUU« to thltete *1. 

sa mmfln- 9» !• imm to ti» itafiiAVQU» *5 » tMt it m til** ta 

t^mw^w tot it It oot £Mt to rotatt a* tto ttaft. Tl»Jiy tnoeteA 

to tte Itotr oof of tte IttMlo U ft ttlctiM o**«r. «* - *~ W>m 

« itftrnUomllr ootuotoi frlotto* yot, or otter we* tttttt for frlowoMlir 



Motet tbroote jMlotteo-oMttatoftto «Mft Itet 
teot tortoit* too tot H**K « u 
tte* or teMote Jfc, «to tte bM* rout teteg olooo to Mttgr. » 
■aoos, oaoek-oloo roMUUOM of tte Atft riliUn to tte Udtele 
omomot Motor g to ouqqm omoj* tUtfitiy wd > < 



i loot lo 4 



4 3o 

I' 



oyinC^OAoprteioloMmSV to mom tonote* rar «m>u, om Mti.r*>t*ry 
a&ff oroBtlol -crow w «d* <9 tulof flM oto «o-tolf Vute4t/lsM mmm 
ttootOo M 4 «MCt opotoAMtofe 1.7-lorb osteite AloMtor ote £Lm OM ttett-. 
, tteotdt/iM3t M»ro tteMM m o tte»>ter qpnaiMUtt 0.5-AMte. 
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D*ut»t foroo toHon » 
Ufril oonolMttaj c* * atarolito ** olooaatoi ooloooo 
15. tfcpor to*r!oa tarter to U la coBtaot villi tto 
ibtwi oat lo oll*»u* fMtttwaot cp. otatt j* to Um*m 

•orloft W 1**°"" |1, T *#U»»t tto tottoo *Q* or oxpoatat 
bo ■ too H nrtoaito tto lo^x mo of tto « 

r Otan* tMft *7 lwdMlMl O UH aiO* of V«M 

nnU of rvtoXotaa toJfttaatftoX aarar »W 59- 



t tUwo* 45, at* 



«M>«r «odj of tto 
■ m» fore* of the 



•Oooloor «3 oo • 
*7 m> prootaod 



tot aau of tto oojooaa «o laoartoa. Ttoa* posfM an to ata] 
I Mtt tto otaoo ** at ttlm oato \r aooiiat. A cwtr 46 my 
1 to racial* ftoo too oottor fta tto »*rto« 



mmi tor imttt tto toftoottoo of too doIobb ■ L* rovarol. 
» ooJooa »1m» fw*tl6»o 1m * oaattot ooa aittaa, qyltoMn of 
npnotf* tood ttorato amO* mms# total WLrt or roptaro of 10a 
oMioph ■ toorofooo, » of otopo *9 — o oro piwtooa far ttoo paroo-o. 
to ton, 4to otopo rro rf*Uir oonoowtoft to to. totrtax piaUo, oto, la 



•Uto loagltodtoaUr tooroa*. 9m onto ©r t 
fro*, oat* attar ao too tool am tto opriag Koator oartoa. tovar ptotvo oto 
|o fopootoo fiw ■ooioi ton to ooooltor 3ft ■oooootai to lto oooft 18. 
haa> too apaeJa* totoooi too oato to ooto ao to Hal* too looaitnUaU 
tt***l at tto soaring ptata aoator* oo too* am toaotaor to pre*** poraooot 
toftooatlom of tto ootaoa oloooa* o*. Worn aMenottao oooso for jwoat- 
to< ootof* to too ooJooa aloaoaa aap oloo to oaplapofl* for ostapto, ata* or 
rtaoo oooatod on tto etofi ■« oaroo ** otopo, or too oooor 48 pronto* *to 
oa&tobto ooottoatxooo msj at ooptojod lto tolo purpose to Halt loaaltaUnoi 
ood/o* tatorol ooftoetSoo of ootaoao. 

tto ooloono of to* colaaa cloaoat *3 aojr to «ttxo«*4 oooM too 
•taftlo, atdtftaaaoaaaftaraftoaa a portlo* a* tto tod* of to* oprtaf 
torioo, with oato of too inlinii fltta* la tto toooo %T. tto o olo o to 007 to 
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nttoi cloMjty oo ihm t or ■*» b» «mi mid U« *oo», tIUi 

joton qm4 totooo* Vnm to ooiotolo tfee Awlntf tin wtu of 

1 rill «t*c*4 qcs f fil— cbofO«to/lfttlco ud tbo -il«TlolJ of 
aaojt-j, U* Ho»1f»» nolo of tot ccOm o»? W mrlM 
, *-* too nla «*« -M no*, fbrt, fix* or kL*«*d. TSm trforonoi 
rntti U a tblo, «)noVtr ate vltb mail I ndo, (no to mm* *ltfeU 



m fOoopboi Waxo, ftoryiuoo W W W, tM bl* oloiol oUojw iM othor ditlir 
d<— Mtttiftctotr w^ Miwl fjujitaw * TjoiooUy, tbo Ufrt- 



imtv ttoo tw tkickMM, «* niif< to thw* tfc» *H4*t xmi of t*n u>»>m* 
U una to U» aiooBtor of U* abcTU Tbo*, »\tb tartlet** co-*™*Ut» 
aolBMM takli, «rrf tats* •kant tbo kU Mni| tb» loos* rOroot 
w*wt«3dVj 0*7 fro* U* oboft 15. 
for Moguls. % af oolmtm O.H^T-lneh Ud* V O.W-Jucb «tte 
V lO.g^lwtw lon«, vita to* ad* T*r*«a, moo fotarloKte*. rro» 1.X.S.I 
Vjto umI. ««a*M Ml inn «t 575*?- ***** aatmm on fav^M to rogplio o 
eilttwl w^Mwia io»«la« or Ho |ob&> i» ©rftx to booklo tb* «omu 
After bootO!**, tbo —1*— i vnt foaat to bow a tor* rut «i*Ut eboroctorl»- 
He, m tborn In TUtt* J, iWrta f> e ' So tba orlt&wX tMUtt| loaft oM sola* 
Q ■ iyi imU tte Icoa 
«r tbo Mm «*«oot to* i 
or tkU •orl** vboMotarlitlc «urr» *■ dmrlbod «ura Ot'UO. totaaur, 
tWt eorto 1> oooortboa "bj QUO Urn to fflottoo la U* ryrtwi. fetot* inii 
MiroMBt tyxdool ««rda« Halt*, t&Leb* of oaorro, »ty bt varlea acco**la« to 
too AsjliHtloD for wddb tb» •fri*s U doilflBoa. Kr «xn*>l», lAm o Jiro 
ombor of floadoc on not ooMota at ort # o «arid*f tttoN Jurt Valor «• 

ytolft folAt m) bo oooi, xMl* Tito » frtot anoW of flmcBTaa, tbo working 
otxotf) aor %• to loos too* tbo t 

I ooMo, tbo lotrtMl danootloo «t Iioitoi to 
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OMdroaiaatalr om> luc*. at ataoh tJ» lo^itaaimi 4oflcc«- aaa aoproala«t«1* 

O.tfl? lacaaa. F*W MN tefl«*tl0O tO tfa. MMH «0f]O*«toa. l*t *50-fOW* 

I to to artataatially «ca*taat. 

lav «Mt » ■fatac 4avlov/ w* aatft, *» • aaalaylBa; » 
, aarLi* * oriuoal taokUaf feaa of Uyy» «ao ictaMl 

Mtod Wmm o oft atoat 3.00 saebM Of ^■ n .Tt i*j pd- 
Uoala* taa otofo. «*a> •oajnr— loaal Ipaaiaft «» fria« i l a nt MM «* 
,000 loaaii aat fnn ft loagitaalaal ♦onaanaa ftf 0.C* ImM 



Or aaaoN, lm 4wrls*iM a aplae oloaoat aa aaaaa St 4- 1 
to oVtaU «a* ciwteH fSMtftlft Tfttaa if ltmcikftllftftl aaOaaUa* ft* >f*cittft4 
vaiaaa of laftoral aaflaotloa ma ariucal baotUac **a, *sla aivteum 
aalBBBft «l ft oafo lrvtl* A* onfnmA aoi* 
, aa ami la KpTM Jnd^ *t» • 



■ ftftftT OJ %0Ol L* IflVOXaS Ufa tftO Mil 09 ao*U 
Vltft taa tm* OiAttl ITtlMUd pdtloa. «M» -ft* tool U ** t 

1ml, taa Mil -UAdAf So taftalvao. B» frlotiOft a«Aor W «a*»a»o tfca 



iw ■ h - li .r 3> u —lot o jaaafly 1» 4 
■am* 99 to MUi qtUf HoftWl JJ *1A a*» • jcaftlaa In - «**lf att 

! to U— 10t 1 1 «*m*o1j ftftftte* taa aooor cat of 
Mtfor ai, aaa ito tftpoioA owfaca U a«ft «1Ui «a tajonm aarfaao ea 
1 taasaa «c u» » to <rc» tl* %tm oataavaly at* a a^aataoMally 
l to tha critical boekiloc loat of W ajoiat 
aloaaol fataaajwartly, tbo Ogaaalai tool U aaaaad ttnaai flat llaar to 
tXBtxA It la taa catta* la the a aoaay iaaeribad tviftiaWfo**. 

tto Irwaonlat «a««rtytlDn of a otfatanaa ■ flfttll— 
aaa aaai «*M tor tao poajoto ox oxaaplLfloatloa. tk alll b» 1 
•varum aaattfSooaSoao la taa. aotollo of aenotjaotlaa win aaoaaa apoaioat to' 
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